Objective Chlamydia pneumoniae (C. pneumoniae) is an important pathogen for infections of the respiratory tract, and there are recently also a numberof reports suggesting its relation with atherosclerosis. This study was performed to clarify the relation between C. pneumoniae infection and sclerotic lesions of the commoncarotid arteries.
Introduction
Chlamydia pneumoniae (C pneumoniae) is an important pathogen for infections of the respiratory tract, and has recently attracted attention as the cause of community-acquired pneumonia, chronic bronchitis, laryngitis and sinusitis (1) . There are also a numberof reports suggesting its relation to atherosclerosis such as the report by Saikku et al (2) indicating the association between ischemic heart diseases and C. pneumoniae antibody level, and those of Shor et al (3) and Kuo et al (4) demonstrating the relation with atheromatous plaques of coronary artery with immunocytochemistry,polymerase chain reaction (PCR) and electron microscopy, and that by Jackson et al (5) demonstrating the presence of C pneumoniae in a carotid endarterectomy specimen. In Japan, Miyashita et al (6) reported a significant elevation of C. pneumoniae antibody level in an acute myocardial infarct patient. There are, however, few studies on the relation of sclerotic lesions with common carotid arteries.
Since it is possible to repeat non-invasive observations of sclerotic changes of commoncarotid arteries by ultrasonography, the technique has recently been widely used as an auxiliary means to evaluate atherosclerosis (7) (8) (9) . In the present study, sclerotic lesions of the carotid intima-media complex were assessed on a continual basis by ultrasonography of consecutive in-patients in the internal medicine ward, and risk factors such as age, history of cigarette smoking, systolic blood pressure, HDL-cholesterol level and diabetes mellitus were examined (10, ll) . This study was performed to clarify the relation between C. pneumoniae infection and sclerotic lesions of commoncarotid arteries.
Subjects and Methods

Subjects
The subjects were consecutive in-patients in the medical department during the periods of August to September 1996 and August to September 1999 who gave informed consent. Ultrasound image analysis An ultrasonograph (Hitachi EUB-565) and 7.5 MHzlinear type B-modeprobe were used by a specialist in ultrasonography to evaluate sclerotic lesions of commoncarotid arteries on a day closest to the day of blood biochemistry analyses (within 3 days). Based on the report of Iiyama et al (12) , patients were asked to assume the supine position, and the bilateral carotid arteries were observed obliquely from the front and rear directions. Wemeasured the thickness of intima-media complex (carotid arterial wall thickness) on the far wall of the common carotid artery at about 10 mmproximal to the bifurcation of the carotid artery (as the image is more clearly depicted compared with the near wall), and the wall thickness near the 10 mmpoint on the B-modemonitor, and used the meanvalues for study. Plaque was defined as a partially high echo of the intima-media complex or a protrusion into the lumen.
Serology
C. pneumoniae infection was determined by measuring anti-C. pneumoniae IgG specific antibody level (IgG index) using an enzyme-linked immunosorbent assay (ELISA) method ("HITAZYMEC. pneumoniae", Hitachi Chemical Co., Ltd., Tokyo) with serum of fasting blood, which had been preserved at -70°C. Those below the 1.10 IgG index were determined as seronegative and those above 1. 10 as seropositive. Seropositive were further divided into those between 1. 10-2.99 the low index group and above 3.00 the high index group (13) .
Other various risk factors Wemeasured blood pressure in the right upper arm of patients in a sedentary posture using a standard sphygmomanometer. Arterial hypertension was defined as a systolic blood pressure of 140 mmHgor higher, a diastolic blood pressure of 90 mmHg or higher (14) , or use of antihypertensive medications. Cigarette smoking was quantified from daily consumption and duration of smoking. In the blood biochemistry analyses, total cholesterol (T-Chol), triglyceride (TG), HDL-cholesterol (HDL-C), uric acid and blood sugar were measured upon fasting within 2 days after admission. Diabetes mellitus was defined as a fasting blood glucose level of 126 mg/dl or more and the diagnosis of diabetes mellitus was madeat the first examination by 75 g oral glucose tolerance test and those who had been treated for diabetes mellitus. As for the presence of background atherosclerosis, those diagnosed as transient ischemic attack, cerebral infarction, angina pectoris, or myocardial infarction were placed in the disease group.
Sta tistical analysis
The results, shown by the mean values were statistically analyzed using SPSS 6.1 (Statistical Package for Social Science, Inc., Chicago, IL, USA) (15) , and compared by Chi-square test or analysis of one-way variance (Student-Newman-Keuls test for multiple analysis). A value of p<0.05 was considered significant. The relation between carotid arterial wall thickness and IgG index, sex (woman: 0, man: 1), age, body mass index [BMI: bodyweight (kg)/height (m)2], history of cigarette smoking (Brinkman index: daily consumption of cigarette x duration of smoking in years), blood pressure, lipid metabolism, glucose metabolism and uric acid were examined by multiple regression analysis.
Results Table 1 shows their background characteristics by IgG index. Those with a higher IgG index were older, and had a significantly low incidence of diabetes mellitus, T-Chol and HDL-C, but there were no inter-group differences in sex, BMI, the ratio of smoking, on the incidence of hypertension, TG, uric acid and the incidence of atherosclerotic desease. In the seropositive group, the group of the first quartile of the carotid arterial wall thickness (the smallest wall thickness) was small, and the incidence of the second to the fourth quartiles was significantly large (p=0.0144). Differences in the mean values were observed between the IgG index of the groups (p=0.0022), and the high index group was significantly larger than the seronegative and the low index groups (p<0.05 respectively) ( Table 2) . As for the relative risk for the presence of plaques, the seropositive group with the low index was 2.42-fold larger, and the high and low index seropositive groups were 2.46-fold larger than the seronegative group (Table 3) . Table 4 shows that the IgG index (p=0.0263), from multiple regression analysis using various risk factors as explanatory variables (R2=0.3465, p<0.0001), was a significant independent contributing factor along with knownrisk factors such as male (p=0.0289), age (p=0.0007), Brinkman index (p=0.0067), hypertension (p=0.0443) and T-Chol (p=0.0220).
Discussion
For the measurement of anti-C. pneumoniaespecific antibody by ELISA, a C. pneumoniae outer membrane complex protein was used. This method has excellent specificity for C. pneumoniae and is characterized by its ability to objectively and easily measure a great number of specimens (16) . This method was chosen because of its good correlation with the conventional microimmunofluorescence test (16) that more specifically evaluates the presence/absence of C. pneumoniae infection. The positive ratio for C. pneumoniae infection in Japan is reported to be 50-60% among adults (17) , and the ratio is elevated with advancein age as the subjects repeatedly become infected and as there are symptomatic persons infected. A positive ratio of 60.5%in this study was considered reasonable because of the high number of comparatively elderly sub- and, there fine changes in wall thickness due to early atherosclerosis can be evaluated before blood flow is affected (18) . The commoncarotid artery is a site at which atherosclerosis frequently develops (19) Cp: Chlamydia pneumoniae, CI: confidence interval. pneumoniae was directly demonstrated in coronary atherosclerotic foci of an ischemic heart disease patient requiring heart transplant (22) and endarterectomy specimens of commoncarotid arteries (5) . In unstable angina pectoris or non-Q wave myocardial infarct patients administered anti-bacterial agents for C. pneumoniae, significant decreases are reported in the incidence of ensuing angina attacks and deaths from myocardial infarct and ischemic heart (23) . Such direct evidence of bacteria and effects of treatment strongly suggest that the presence of C. pneumoniaeis not a mere accidental complication but is a cause of atherosclerosis.
In our cross-sectional study, wefound a significant relation between the carotid arterial wall thickness or plaques and elevation of antibody level for C. pneumoniae. Markus et al reported (24) that they did not observe any relation between C. pneumoniae infection and C. pneumoniae antibody level or the presence/absence of plaques in early stages of carotid atherosclerosis, but that they observed the relation only in respect to constriction of more than 50% in the lumen of the carotid artery, strongly suggesting that C. pneumoniae infection is involved in the advanced stage of the disease. The present study also showed that the thicker the carotid arterial wall, the higher the antibody positive ratio and antibody levels, suggesting similar possibilities. As for the relation of its involvement with age (25) , however, the odds ratio for the group aged 45-54 in particular was 3.54, but that for the group aged 55-64 was 1.59 with respect to the C. pneumoniae strain TWAR and carotid atherosclerosis. Similar relationships were observed with respect to many other risk factors, indicating that the cause is due to the increased disease incidences with age even in the control group (26) . The mean age of the subjects in this study was 70, suggesting that the overall positive ratio of C. pneumoniae infection to age was high and effects on thickening of carotid arterial wall were low for a similar reason. According to a study on the relation between ischemic heart diseases and C. pneumoniaeinfection, the meanage was younger by 10 to 20 years compared with the present study, and in-volvement as a risk factor was characteristically higher than the present study (6) .
As for the mechanism of the onset of C. pneumoniae infection and atherosclerosis, immunecomplexes containing C. pneumoniae products is observed in acute myocardial infarction and chronic ischemic heart diseases (27) , and humoral componentsof the immunesystem accompanyingcomplement has been demonstrated to be deposited in the atherosclerosis lesion (28) . These are triggered by the bridging of bacterial antigen and antibody in vascular endothelial cells or by the deposition of immunecomplexesknownto cause vascular disorders. Kuo et al (4) and Campbell et al (29) reported that pathogens were recognized only in the atheroma in the pathohistological study of sclerotic lesions in humans, demonstrating that C. pneumoniae can infect and proliferate in smooth muscle cells, endothelial cells and macrophages in humans (30) .
In animal experiments, they may spread throughout the body following infection of the lungs (31), and Hu et al (32) found that in the presence of a high-cholesterol diet, C. pneumoniae AR39strain infection significantly exacerbated the hypercholesterolemia-induced atherosclerosis, demonstrating that a hypercholesterolemic condition is required for the C. pneumoniae to aggravate the development of atherosclerosis. The close relation between the elevation of CRPand the erythrocyte sedimentation rate with subsequent myocardial infarct (33) and cerebral apoplexy (33, 34) indicates that chronic systemic infection can cause atherosclerosis and give the impression that C. pneumoniae infection is involved in the background. The elevation of IgG index for C. pneumoniae in consecutive in-patients remained a significant independent risk factor for thickening of the carotid arterial wall after controlling for other risk factors. This suggests that C. pneumoniae infection is also an important risk factor for common carotid atherosclerosis.
